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SUMMARY 



A theoretical analysis, is. given, for. the stresses and 
deflections of a square plate with clamped edges under nor 
mal pressure producing large deflections. Values of the 
"bending stress and membrane stress at the center of the 
plate and at the midpoint of- the edge are given for center 
deflections up to 1.9 times the plate thickness. The shap 
of the deflected surface is given for low pressures and 
for the highest pressure considered. Convergence of the 
solution is c ons ider ed t and it is estimated that the pos- 
sible error is less than 2 percent. The results are com- 
pared with the only previous approximate analysis known to 
the author and agree within 5 percent, ' They are also 
shown to compare favorably with the known exact solutions 
for the long rectangular plate and the circular plate. 



INTRODUCTION 



An exact solution for the small deflections of a 
plate with clamped edges was given by Hencky in reference 
2 and an approximate solution for large deflections was 
presented by Way in reference 3, In a previous, paper 
(reference l) there is presented a solution of the funda- 
mental Von ■Karman large— deflection equations for a simply 
supported rectangular plate under combined edge compres- 
sion and lateral loading. 

In the present paper, ".a theor.et.ipal "analys is is given 
for the stresses and deflections' of a square plate under 
normal pressure producing large def lections , The edge 
supports are assumed to clamp, ^he pla.t^e rigidly against 
rotations and displacements norma"! to" the edge but permit 
displacements parallel to the edge. The analysis replaces 
the edge bending moments by an equivalent pressure dis- 
tribution and then applies the general solution for the 
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simply supported rectangular plate. The result-s for small 
deflections obtained by the analysis agree exactly with 
those of Hencky and for large deflections differ by less 
than 5 percent from the approximate solution nf Way. 

The work was carried on with the financial assistance 
of the National Advisory Committee for Aeronautics. Ac- 
knowledgment is made to the Bureau of Aeronautics, Navy 
Department, for its cooperation in a program of tests of 
rectangular plates under normal pressure that furnished 
the background for the preparation of this paper. The 
author is grateful for the asistance of members of the 
Engineering Mechanics Section of the National Bureau of 
Standards, particularly that of Dr. W. Eamberg and Mr. S. 
Grreenman. 



FUNDAMENTAL EQUATIONS 
Symb ols 



Consider an ini-tially flat square plate of unif-orm 
thickness (fig. 1), and let 

a length of sides 

h thickness 

p normal pressure, assumed uniform 

w normal displacement of points of middle surface 

E Young's modulus 

[l Poisson's ratio 

3 

Eh 

D ; f lexural rigidity of plate 

12(l-|x 2 ) 

x,y coordinate axes .lying along edges of plate with 
their origin at one corner 

m x ' m y edge beriding moments per 'unit length about x and 
y axes , respectively 

a normal stress 

T shearing stress 
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g tensile strain, unit elongation 

Y shearing strain ... 

<y w.cr extreme— fiher stresses in directions of axes 

ct^.CjJ. median— f iher stresses in directions of axes 

a" a" extreme-f ioer "bending stresses in directions of 
x y 

axes 

w m,n deflection coefficients 

S 1 stress function 

D„ „ stress coefficients 
m , n 

ff^.,? average median— f ioer stresses in x and y 
" directions, respectively 

p a (x,y) auxiliary pressure replacing edge moments 

p^(x,y) uniform normal pressure p. expressed as a Fourier 
series 

p 0 (x,y) = p a (x,y) + p b (x,y) 

p r s coefficient in Courier series' for pressure, 

c moment arm of auxiliary pressure dis tr ihut ion , 

P a (x,y) 

k r ,k s moment coefficients 

Expressions for Stresses and Strains 

The general equations for stresses and strains are 
developed "by Timoshenko in reference 4 (ch. IX) and are 
also given in reference 1. The stresses at the middle 
surface of the plate are related to the stress function 
3? "by: 

& 3 r 



u x 



bys 



ox 

&2F 



T ' 

xy 



dxdy 
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the extreme— f iter "bending stresses in the plate are re- 
lated to the deflections hy 

Eh /d S w 

/ — — + M> 



xy 



°7 



.11 - 



2 ('l-M. S ) Vb* 3 
Eh 



b 3 w 



by" J 



o w 



2(l-n s ) Vby 3 + " bx 2 



Eh / o w \ 



(l+fj.) \ bxby / 



(2) 



and the extreme— f iber tending stresses at the edges of the 
plate are related to the "bending moments per unit length 
by : 



6m 
h 



z 



o" = p, 



a" = p. 



6mj 



6m. 



(x=0 , x=a) 



(3) 



6m, 



(y=0 > y=a) 



. y h 3 

The strains at the middle surface of the plate are: 



e y 
i 



3 

b E 



x,y 



E 



E \by~ 
1 / 0 3 E 



bx 2 ' 
' b*E\ 



E v dx" 



by 



3/ 



= • } i 

t. *y 



2 (1+ M-) b E 



E 



bxby 



(4) 
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Belations between Edge Moments and lateral Pressure 

The req.ui.red edge moments m x , m v -will "be replaced 
"by an auxiliary pressure dis tr i"but i on p a (x,y) near the 
edges of the plate as shown in figure 2. If this pressure 
distribution is expressedby a Courier series (reference 
5 T p. 295) and the value of c approaches zer«, the 
auxiliary pressure is . 

CO CO 

P a (x,y) = / ■ 21r sin +- A x s e in — - (5) 

r=T, 3, 5 a s a s=i, 3is ' &z " a 

Express 1 m x and m y "by a Eourier series, where k g 
and k r are coefficients to be determined and where for 
a square plate k s = k r when s = r, 



Co 



4a 2 ) r-rrx 

m x = — — p , k r sin — — 

tt r= i, 3,5..." a 

CO 

4a ) s-rry 

m y = p "_ ^ k s sin -~ J 

Inserting equation (6) in equation (5) gives 

„ CO 
GO 



> (6) 



/ \ t 4 \ a \ ^ . . ritx &ny , . 
P a (x,y) =1 - j p / (rk s +sk T ,)sin sin (7) 

>■ ' r= 1^7-3, 5... 8=1,3, 5... 



The uniform normal pressure p may also be expressed 
by a Eturier series (reference 5, p. 295) as, 

00 00 



f \ /' 4n2 . > \ AN . rTrx . siTy 

V y r= 1, 3, 5. . . s=i ) 3.,5...\rs/ 



The addition of the Uniform normal pressure p-v(x,y) 
and the auxiliary pressure replacing the edge mcments 
p a (x,y) is obtained by adding equations (?) and (8) and 
gives co 00 

/ 4 \ 3 V V / 1 N "rtrx " srfy" 

Pc ( x »y )=•' — '■ P /I + rk a + sk r / s in — — e in (9 ) 

V 17 / r^i s = i Vrs / a a 
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where 



p J- } pf — *■ rfc 0 + sk_) (10) 
r . s Any Vre s r J 



Relation between Stress Function F, Deflection w, 

and Pressure Coefficients P r>s 

Since the edge moments m x and my. have "been re- 
placed by the auxiliary pressure distribution p a (x,y) 
(equation (7)), the general solution for the simply sup- 
ported rectangular plate given in reference 1 may be ap- 
plied. This solution was derived in terms of Fourier 
series from the Von Karma'n equations (reference 6). The 
form of Ton Karman's equations used is that given on page 
343 of reference 4. 

d 4 F b 4 F 0*5* ~ / b* \t \* b*w d 2 w "1 

— _ + 2 + = E f ) 

5/ bx 3 by s by 4 LV 6xoy y bx 3 by 3 J 



a 4 w d 4 w b 4 w P h/ b 2 F b s w b s F b s w b s F b\ \ 



bx bx by by* D D ^ dy bx bx by bxby bxby 

Jor the square plate the general solution describes the 
deflection by the Fourier series, 

\ ) nmx n-rry . . 

w = / ' w sin s in (12) 

* — ' — ' m . n a a. 

m=l,3, 5,... 11=1,3,6,..,. 

the pressure by the Fourier series previously given in 
equat i on (9 ) , 

P c (x,y)= p r>s sin sin (13) 

r«i, 3, 5,... 6=1,3,5,... s a a 



and the stress function F by the Fourier series and poly- 
nomials , 
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and shews that for zero displacement normal to the edges 
of the plate , 

00 oo 



and 



cr — u. o 



. V V a -a" 

— Z, ^ w m,n 

8a m=i,3,5,..-. n=i,3 f s,.-. 



Ett' 



CO 



8a 2 m=i ,3,5,,.. n= i, 3, s, . . . 



2. 2 

n w_ _ 
-m , n 



(15) 



The general solution (reference l) gives general equations 
from which the memhrane stress function coefficients h min 
can he calculated in terms of the deflection function co- 
efficients w m n . Por the special case where a = h 
(square plate)! in the present papers the first 23 of 
these coefficients h mjJ1 are, _^ 

h o , s=h 2 , o=JU* a , ! 3 +9w x , 3 S +2w 1,1*1, a""*!, 3*"* . 3 +25w^ >5 s 

32 j, -3*1,3*1 ,*•••) 

*0 , 4= h 4f(!) - — (w 1)1 W 1)3 + 8*1, 3 *3, S-*!. 1*1.6' ■ • } 

*>2 ,2 = p (*1 , 1*1 , 3-2*1 , 3 3+ **l .', 3*1 L S-S*3 , 3*1 , S~-~^_ 









3 3+9 * 
(-* 1 , 1* 1 , 




6 = 


_ E 




4 = 


* 4 . 2 400 




8 = 


E 

* 8 ' 0 " 256 


(* 1 , 3* 1 , 5 


*a. 


6 = 


E 

136,8 400 


(-* 1 , i w 1 , 




4 - 


E / 

64 ( ~ V ^ = 


S+ 8* 1,3*1, 




10 


.= 10 ,6 = 


E 

800 (Wl ' 5 



f >2 J- , J- ^ ) ^ ■■■ I ^ ~ ' " 

-49Wj ", 3*1 , 5 +81w 3 ,3*1 ,5 • • • ) 

3*3 , 3+16*1 , 3*1 ,5' • *T 



W(l6) 



'2,8 



h 
h 



E 



8,2 4624 
E 



6,4 



13 4, 8 = b 8, 4 



2704 

E - 
1600 



(~*1 , 3*1, 5+81*3,3^1 , 5. » • ) 

(-9WJ , 3 w 3t 3-49Wi , jVj, 5 +169w lf 5 S . . . ) 



(— 9w 



3, 3 W 1 



, 5' ' ' ) 



E 
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The family of equations relating the pressure coeffi- 
cients P r ,s an<i the deflection coefficients w m ,n are 
also given by the general solution (reference l). For the 
special case a = b (square plate) , presented in this 
paper, the first 22 terms in each of these equations are 
given in table 1 for Poisson's ratio p. = 0.316. Advan- 
tage has been taken of the relation w m n = w a,m» which 

holds for a square plate under symmetrical loads, to re- 
duce the size of table 1 as well as equations (16). As 
an example of the use of table 1, the first few terms of 
the first equation (giving the relation between Pi,i and 
and the w mjn 's) are given in equation (17). 

°- a7 ° — + °- 490 v — ) - 0 - 375 C— A— / + 

(17) 

Magnitude of Edge Moments m x and m y 

The edge moments m x and m^. must now be determined 

to satisfy the condition of zero slope at the edges of the 
plate. Setting the slope, perpendicular to the edges x = 0 
and x = a , equal to zero gives 

\ O3C /X=0,X=a BaI,S,B p ... nal,»,B p ... ft 

and setting the slope perpendicular to the edges y = 0 
and y = a to zero gives , 

OO . CO 



( dwN a o « / / — 

S v iy=o v=a~ " a n , n " ** a 

vys j Oi^-a m=i.3.B.... n= i . 3 . 5 . . . 



mn x / , \ 
sin— — (19) 



m= i,3,b,... n= 1,3,5... 

Equations (18) or (19) are equivalent to the family 
of equations 



0=w x j x +3w 


1 ,3 + 5w 


l.,5 + 7w 1 ,7 


+ — 


0=w 3> : +3w 


3.3+-5W 


3,5+7w 3,7 


+ . . . 


0=w 5 a +3w 


5 3+5W 


5 e+7w s v 


+ . . . 



(20) 
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. The deflection coefficients w m n ■ must now "be de- 
termined from table 1 "by "solving each equation for the 
linear term in terms of the c.uhic terms and the, pressure 
coefficients p r g . The deflection c'oef f i'c ients w m n 
thus obtained are now substituted into equations (20 
and, for the pressure coefficients p r s , are substituted 

their values as given by equation (10) . The resulting 
equat ions are , 

0=2 . 835+7 ,66k j + 0 . 324k 3 + 0 . 0800k 5 +0 . 03 03k 7 + 0 . 0l45k 9 + . . .+K x 
0=0. 0523+0. 324k 1 +1.713k 3 +0.1405k 5 +0.0675k 7 +Cr.0360k 9 +. . .K 3 
0=0. 00680+0. 0800k 1 +0.1405k 3 +0.956k 5 +0.06901c 7 +0.0433k 9 +. . ,+K § 
0=0. 001767+0. 03031CJ+0. 06 75k 3 +0 . 0690k 5 + 0 . 66 0k 7 +0 . 0402k 9 + . . ,+K 7 
0=0. 000648+0. 0145k 1 +0.0360k 3 +0.0433k 5 +0.0402k 7 +O.B85kg+. . .+Z g 



where E 1 ...E 9 are functions of the pressure p and of 
the cubes of the def lection 'functi one w m n . The first 22 
terms in the equations for the first f ive ' c oef f ic ient s K r 
are given in table 2. As an example of the- use of table 2, 



Kl = -0.805 TL*L.(Z*Jf + 0.0062 (iLt*) 
pa 4 V h J pa 4 V h / V h J 

T T 4 Eh 4 / W X > 1 \ B / Wjjs^ 

pa 4 V h J \ h J 



+ 0.107 5— I : (23) 



SOLUTION Or EQUATIONS 

Values of Deflection Coefficients w„ _ and 

m , n 

Edge Moment Coefficients k r 

The method of obtaining the required values of the de- 
flection coefficients w ffljn and the edge moment coeffi— 

w x a 

cients k r con|ists of assuming values for — and then 

pa w lf3 w 3f3 h 

solving for — , , , k l , k 3 , k 5 , , by 

Eh h h 



10 



NACA Technical Uotre- Ho. 847 



successive approximation from the simultaneous equations 
in table 1 and equations (10) and (21). These .calcula— 

w 1 2 

tions have 'been made f or' lO "values of — — * — . The corre — 

h 

sponding values of the first 36 deflection coefficients 
w 

— and of the first five moment coefficients k_ are 

h r 

given in table 3 and table 4, respectively. The error 

arising from the use of only the first 22 terms in-the 

equations in table 1 will be considered in a later section. 



Center Deflection 
From equation (12) the center deflection is 

00 CD 

Zt — ■ m+n 
L 2 w m,n (23) 

m= l, 3, 5. . . n= i, 3, 5. . . 

The center deflection was obtained by substituting the 
values of w m n from table 3 into equation (23) with the 

results given in table 5 and figure 3. Pigure 3 shows that 
the deflection pressure curve deviates increasingly from a 
straight line with increasing deflection. The deviation 
exceeds 10 percentr-for deflections exceeding about one— half 
of the plate thickness. 



Shape of Deflected Surface 

The lateral deflection of the plate is obtained by 
substituting the deflection coefficients w m n (table 3) 
into equation (12). This calculation has been made along 
the center line x = a/2 for very small deflections 

^ c e ii t g r 

« 1 and for the highest deflection calculated 



w cent er 



= 1.902 with the results given in figure 4. It 



is apparent that , as the center deflection increases under 
increasing normal pressure, catenary tensions become ap- 
preciable and the inflect ion ' point is shifted toward the 
edges of the plate. 
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Bending Stress at Midpoint of Edge 

The extreme— f iber bending stress at the edge was ob- 
tained by substituting equations (6) into eq.ua t ions (3 ) . 
This substitution gives, for the extreme— fiber bending 
stress perpendicular to the edge at its midpoint, 

/ a«a*\ 24 pa* - 

( ~) =' — —r (k 1 -k 3 +k B -k7+-. •) (24) 

^ Eh 2 'midpoint of edge" it 3 Eh 



4 



_ pa 
The values of k r and given in table 4 were sub— 

Eh 4 

"s*tituted in equation (24) with the results given in table 
5 and in figure 5. Figure 5 shows that the bending stress 
perpendicular to the edge at its midpoint deviates in- 
creasingly from a straight line with increasing pressure. 
The deviation exceeds 6 percent when the deflection is 
greater than one— half of the plate thickness. 

Bending Stress at Center of Plate 

The extreme— fiber bending stresses .are obtained by 
substituting equation (12) into equations (2). .This sub- 
stitution gives for the stress at the center ;~6f the'plate 
in any direction, eo oo_ m+n 

— — - = — ; — / / -(-1) (n +p.m ) ■ ■'■ 

Eh /center of plate 2(l-n a ) ^ rr, -■ n 

(25) 

w m n 

The values of — given in table 3 were substituted in— 

■ h 

to equation (25) with the results given in table 5 and in 
figure 5. Eigure 5 shows that the bending stress at the 
center of the plate is less than one— half of the bending 
stress perpendicular to the. edge at its. midpoint. 



Membrane Stresses 



( 



The membrane stresses in the- plate are obtained by 
substituting equation (14) into equations (1) and using 
equations (15') and equations (16) to determine the. values 
of the stress coefficients cr x , a y , and b m>n . This substi^ 

tution. gives for the membrane stress perpendicular to the 
edge at its midpoint , 
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v Eh 'midpoint of edge v h ' ^ h ' ^ h ' 

. 74i5 (^)(Iii)> 103. 7 (^t,.. (26) 



- 36 



and, f"or the membrane stress at the center of the plate 
in any direction., 



(!^) ... 04,(1^) ^(^Y^) 

v Eh s Center of plate v h / v h /v h 7 

+ 100,8 143.3^1^^+... (27) 

w m ,n 

The values of given in table 3 have been subs ti- 

ll 

tuted into equations (26) and (27) with the resultns given 
in table 5 and in figure "5. Figure 5 shows that for pres — 

/ pa 4 \ 

sures less than the maximum computed! — 5- < 402 1 , the 

V Eh 7 

membrane stresses are smaller than the corresponding 
extreme— fiber bending stresses and that they change only 
a small amount in going from the edge ,to the center of 
the plate. 
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Convergence of Solution ■ "~ 

An exact solution would require "the UBe of an infinite 
number of terms in the equations of tables 1 and 2. In the 
present solution only the first 22 terms were used. The 
effect of .limiting the" number of terms is brought out by 
the comparison in. table 6 of the solution for 2, Z, 6, and 
22 terms. 3For example / the use of only the first six terms 
in the first- equation of table 1, excluding cubic terms" 

w 3,3 '. w i. l5 ■.. . ; .. ■" - 

involving , ., etc., as factors,' gives the eq.ua— 

h ' Vh "* " ; " : ~ ; 

t i on ■' ' '' 

Pi I i a - 4 > r - A .»r,i" ^ iaa /Wi,i\ 3 Jfl -' 1> \ a /* 1 « 3N 

tt Eh 

... ••"2 



0 = z T + 0.370 + 0.490 i -« ; - 0.3751 — — J £ 

tt mvi ■ h - ^ h ' ' > h ^ * 

+ 6.28 f ) ( ) - 3.25 t — i (28a) 

\ h / \ h / ■ " \ h / 



the use of only the, first three terms in the first equation 



W l , 3 W 3 , 3 



of table 1'. excluding cubic terms involving 
w 15 • . h h 

, etc., as factors, gives the equation 

h 

-p x ; , a a 4 w j. ! » i , i >P 

0 = + 0.370 — + 0.490 ( -r-^— ) f:(2 8b) 

TT 4 Eh 4 h ^ h ' 

and the use of only the first two terms in the first 'equa- 
tion of table. 1, excluding all cubic terms, gives the 
equat i on ■ - 

Pi,i a<t ' ' '-"i,r - 
0 = ■ 4 . + 0.370- . - ..(28c) 

it Eh - * ' ' • h' ' - - - 

It is evident from table 6 that "the' c nnver gence is 
rapid for the center deflection. The' convergence is some- 
what slower in the case of the bending stress at the mid- 
point of the edge. It is estimated from table 6 that the 
possible error in table 5 is less than 2 percent. 
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COMPARISON WITH THE RESULTS OBTAINED BY PREVIOUS AUTHORS 
The Clamped Rectangular Plate with Small Deflections 



The. earliest work on the problem of the clamped rec- 
tangular plate known to the author is that in 1902 by 
Koialovich (reference 7). Koialovich solved the problem 
by using trigonometric series. In 1913 Hencky (reference 
2), using a method which he credits to M. Levy, made a 
thorough analysis of the moments and deflections for 
plates with small deflections.. In 1914 Boobnov (see p. 
222 of reference 4) extended the -scope of Kbialovich's 
earlier work. Since that t ime ' addit i onal work on the 
problem extending the analysis to different types of load- 
ing and a wider range of plate sizes has been done by 
Nadai (reference 8) , Timoshenko (references 4 and 9), 
Wojtaszak (reference 10), Evans (reference ll), Young 
(reference 12);. and Pickett (reference 13). The results 
of these authors for the square plate with clamped edges 
agree closely with Hencky's results presented in refer- 
ence 2, The present paper gives, for small deflections, 
a value of the center deflection of 0.001263 pa*/D as 
compared with Hencky's value of 0.001265 pa 4 /D; and .a 
value of the bending moment perpendicular to the edge at 
midpoint of 0.0512 a 8 p oomparod with - Hencky's value of 
0.0513 a s p. 



The Clamped Rectangular Plate with Large Deflections 

The only previous analysis of square plates with 
clamped edges under normal pressure producing large de- 
flections that is known to the author i6 the analysis 
by Way (reference 3) in which the Ritz energy method is 
used with polynomials satisfying the boundary conditions 
and containing 11 undetermined constants. Although his 
calculations were made for a Poisson's ratio of 0.3, it 
appears from Way's analysis of circular plates (refer- 
ence 15) that small changes in Poisson's ratio do not 
appreciably alter the solution. In figures 6 and 7 are 
compared the results obtained by Way in reference 3 with 
(j. = 0.3 and the results of the present paper with p. » 
0.316. The agreement is excellent (within 5 percent) for 
both the total stress at the middle of the side and the 
center deflection. The agreement between the membrane 
stresses is not so good. In no case, however, do the 
membrane stresses differ by more than 4 percent of the 
total stress. 
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The Infinite Plate Strip and the Circular Plate 

The rallies of the center deflection and of the ex- 
treme— fiber stresses at the center of the sides for a 
square clamped plate with large deflection are compared 
in figures 8 and 9 with those for a clamped circular 
plate (reference 14): of diameter a and those for a 
clamped long rectangular plate (references 4 and 15) of 
width a. As would he expected, the -square plate is more 
rigid than the long rectangular plate and more flexible 
than the circular plate. 



NUMERICAL EXAMPLES 
Example - 1 



Calculate the center deflection and the maximum 
extreme-filer stress for a 10— by 10— by 0.05— inch aluminum- 
alloy plate (E = 10 7 lb/in s , p. = 0.316) with clamped 
edges, subjected to a normal pressure of 2 pounds per 
square inch. 

The pressure ratio is: 



pa 4 3 x 10 4 



= 320 



Eh 4 1 0 7 x (0 . 05)' 
Prom figure 3, the corresponding deflection ratio is 

w cent er. 

:_ = 1.72 

h 

so that the center deflection is 

w . = 1.72 X 0.05 = 0.0860 inch 
cent er 

Prom figure 5, the maximum extreme— f ib er stress ratio for 
the edge at its midpoint is 



era 8 



Eh 3 



= 65.0 



so that the maximum extreme— fiber stress is 
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10 7 -x. (0.05) 2 

a = 65.0 = 16,300 pounds per square inch 

10 2 ' 

Example 2 

Calculate the pressure that will produce a maximum 
extreme-fiber stress of 30,000 pounds, per square inch in 
a 15- "by 15- by 0.10-inch aluminum-alloy plate with 
clamped edges. . 

The maximum extreme-fiber stress ratio is, 
era 2 30000 x 15 3- 



Eh s 10 7 x (0.10) 



= 67.5 



From figure 5, the corresponding pressure ratio is 

pa 4 

- 339 

Eh 

so that the normal pressure is 

339 X 10 7 X (0.10) 4 
p = ss 6.70 pounds per square inch 

• 15 4 



National Bureau of Standards, 

Washington, D. C, May 24, 1941. 
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Table 1 



TABLE I.- EQUATIONS BETWEEN DEFLECTION COEFFICIENTS w B)a AND PRESSURE COEFFICIENTS p Xjg 

WHEN POISSON'S RATIO EQUALS 0.316 
[Only the first 32 terms have been retained in these equations] 
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TABLI 1 (Continued) 
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Table 1 



TABLE I (Continued) 
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TABLE H.- EQUATIONS BETWEEN THE MOMENT COEFFICIENTS K r IN EQUATION (21), 



THE DEFLECTION COEFFICIENTS w mjIl AND THE NORMAL PRESSURE p 
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SABLE 4.- VALUES OE EDGE MOMENT COEEEICIENTS kj. , k s 



AS EUNCTIONS OEl'THE NOEMAL PEES SURE p 
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TABLE 6.- CONTfEEGENCE OE SOLUTION AS THE NUMBEE OE TEEMS USED 
IS THE EQUATIONS OE TABLES 1 AND 2 AEE INCREASED EEOM 2 TO 22 



4 

Eh 4 


Using 
2 terms 


Using 
3 terms 


Using 
6 terms 


Using 
22 terms 




Center deflection 


w center /k 




63.4 
184.0 
402.0 


0.87 
.2.52 
5.51 


0.76 
1.50 
2.15 


0.702 
,1.34 
1.94 


0.695 
1.323 
1.902 


Bending stress perpendicular to edge 
at its midpoint cr»a 2 /Eh 2 


63.4 
184.0 
402.0 


19.4 
56.3 
123.1 


16.9 
36.1 
59.5 


16.6 
37.2 
63.6 


16.97 

38.2 

66.2 



5-- CBJJTEE DEFLECTIOH, EEKDIHG SIKBSSES O n , MEMBHASB STZfflSSBS O', A£D 
BXJEBME-S'IBEB. SE3SSSES a AS A FUNCTION Q? THE LATERAL FBESSUBE p. 
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figure 1.- Uniform normal pressure on a 
olamped square plate. 
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Figure 2.— Auxiliary pressure distribution for applying 
edge moments along the edges (a) x = o, 
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O 100 200 300 400 



Pressure rath, pat/Eftf 
midpoint of (edge) B , o"»2/ih3 midpoint of (edge) 
(oenter) 0.. d"a 2 /Ih a (center) 

(center) F , <3'a 2 /Ih 3 midpoint of (edge) 

Figure 5.- Streeeee perpandionlai to edge at ite midpoint and at 
the oenter of m clamped equal e plate in any direction. 
K « 0.316. 0'&2/Eh8 - extreme fiber bending ■treei ratio 
6'a3/Kb8 - membrane atreei ratio 
fl*3/Bh8 » extreme-fiber stress ratio 
pa*/lii* - preeeuxe ratio 



C , <Ja2/lb2^ 
E , d«*a/lh3 




IO0 




Pressure rafio,pa*fEh* 

Figure 7.- Comparison of Way's solution (reference 3) uaing the 
Rltz energy nethod and the present solution for toe 
total stress and the nanbrane streaa perpendicular to the edge 
«t Its aldpoiut. 
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riguxe 6,- Comparison of fay's solution (referenoe S) using * tte 
Hits energy nethod and the present solution for the 
oeatar deflection. 
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Clamped long rectangular plate (ref. 16) _ 
Poisson's raftoj 0.316. 
S, Clamped square plate (present paper) 
— Poisson's ratio, 0.316- 
C, damped circular plate (reference 3) 
Po/sson's ratio , 0.3 
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Pressure ratio, pat/Eh* 
Figure 9.- Variation of naximum extreme fiber itreia at edge 
•itb pressure for aqu&re plate, circular plate, 
and long reotangular plat a. 



Mj Clamped long rectangular plate (ref. 16)- 

Potsson's ratio, 0.316. 
S, Clamped square plate, (present paper) 

Poisson's ratio /-0.3/6. 
C, damped circular plate (ref. 3) 
Pof-sson's ratio, 0.3. 
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Pressure ratio, pa*)Eh* 
Figure B.- Variation of deflection at center *ita pressure 
for square plate, circular plate, and long 
reotangular plate. 



